The principal calcium ortho-phosphate compounds in the order of Ca/P molar ratio are also the order of increasing basicity. 43 With the exception of TTCP, all non-apatitic calcium phosphate salts have Ca/P ratios lower than that of HA. As a result, H3PO4 would be released into the solution as a byproduct of the hydrolysis reaction Although HA is the thermodynamically most stable calcium phosphate phase under physiological conditions, it is now generally accepted that during precipitation process, other phases such as DCPD and OCP may be involved as precursors. Therefore, the crystal phase of precipitated calcium phosphates in aqueous systems strongly depends on pH of the solution. Fig.1 shows schematic drawing of electrochemical deposition of calcium phosphates on a cathodic titanium surface. Electrochemical deposition of calcium phosphates is based on the pH-dependent solubility which decreases with increasing pH and increasing temperature. During cathodic polarization of a metal in an aqueous electrolyte, the following reaction occur at the surface of the cathode (reduction of water, proton discharge, reduction of dissolved oxygen): (2) which results in the formation of hydroxyl ions and hence alkalization close to the surface.44
ELECTROCHEMICAL DEPOSITION OF APATITES IN AQUEOUS SYSTEMS
On the other hand, it is known that the solubility of Apatites were homogeneously formed and vertically oriented to the surface of the titanium woven fiber and grid.42 Both the morphology and dimensions of the deposited apatites could be regulated by the electrolytic conditions. It indicates that the apatite coating by the hydrothermal-electrochemical method is suited to substrate like mesh having a complicated shape and a large specific area. Furthermore, it is attractive that the mesh with the electrochemical apatite coating showed excellent biocompatibility in vitro . 38 It was also reported that the mesh infiltrated with biodegradable polymer also showed good bioactivity in vitro. 37,40
PREPARATION OF COMPOSITE MEMBRANE
Guided Tissue Regeneration (GTR) and Guided Bone Regeneration (GBR) are techniques for the treatment of bone defects such as periodontal disease and apical lesion. Physical barriers in the form of a membrane have been placed between the mucogingival flap and bone and tooth/implant surfaces during surgery. 65 The biodegradable membranes are successfully applied to these treatments. Synthetic polymers such as poly-lactic acid, poly-glycolic acid, and poly-lactic/poly-glycolic acid copolymer (PLGA) are frequently used as biodegradable membrane in dental and medical applications.
These polymers are absorbed after regeneration of the target tissue. The reasons for using biodegradable membranes are the elimination of a second stage operation, their low rate of exposure, and the high probability of healing with a complete restitution, ad integrum even after an exposure. 66 The PLGA has been used as biodegradable sutures, hemostatic materials, bone fixation materials and guided tissue regeneration (GTR) materials for dental and medical fields. It has been reported that the composite membranes consisting of apatite particles and biodegradable polymer were prepared to improve their mechanical strength and decomposition rate.67-70 Then, we developed a novel fabrication method of a composite membrane consisting of oriented needle-like apatite, formed by the hydrothermal-electrochemical method, and biodegradable polymer.32 Fig.18 shows a schematic drawing of the preparation method. 100 mg of PLGA was dissolved in 1.5 ml of dichloromethane (CH2Cl2) and was stirred for 3 minutes in the glass beaker. This copolymer solution was dropped on the pure titanium plate coated with the oriented needle-like apatites be expected that various novel composite materials will be developed. The future research in this area will be focused on applications to scaffold materials for tissue regeneration.
